The digital integrated learning environments (ILEs) for earth observation described in this article are bringing the complex topic of earth observation into classrooms. They are intended to give pupils with no prior experience in remote sensing the opportunity to solve tasks with earth observation data by using the same means that professionals have at hand. These learning environments integrate remote sensing tools and background knowledge in a comprehensive e-learning environment. They are tailored for use in schools, whereby the curriculum typically does not include earth observation, teachers are generally not familiar with its concepts, and the technical infrastructure is still not quite ready for digital teaching resources. To make the learning environments applicable, the special demands and obstacles presented by a school environment have to be considered. These obstacles are used to derive the requirements for the use of satellite data in school classes and create classroom resources in terms of technology, didactics, and e-learning. The concept itself was developed ten years ago, and since, then multiple applications have been created and used in classes. Data from an online questionnaire focuses on the specific qualities of the learning modules, enabling us to assess whether the concept works, and where there is need for improvement. The results show that the learning environments are being used, and that they continue to open the minds of pupils and teachers alike to a new perspective on the earth.
Introduction
When looking at an image from space, it is most likely the unconventional perspective or the strange colors that make people stop, look, and wonder. Remote sensing professionals, on the other hand, may start to ask about details like the band combination, acquisition modes, or the sensor used. They know that behind this plain, two-dimensional raster of pixels lies a whole world of digital information that is not plainly visible. Opening the door to this world of information in order to look beneath the surface can be overwhelming, and the initial fascination may soon be washed away by indices, feature spaces, and complex software tools.
With an abundance of available earth observing satellites and corresponding data sources, satellite images are blending into our everyday life. While more and more people are actively or passively making use of those information sources, few really know about the background of remote sensing and its applications. In German schools, the subject is barely addressed [1] . This kind of imbalance has been addressed by several activities in the past years, like the Remote Sensing in Schools (abbreviated "FIS" in German) project, or Blickpunkt Fernerkundung (BLIF) [2] . These activities share the approach of introducing the use of digital satellite images in secondary schools. The curriculum in German schools for geography classes explicitly mentions the use of satellite images, but they are seldom used as more than a means to illustrate phenomena discussed in classes or as a less abstract substitute for maps. While printed satellite images fit that purpose very well, they leave the very nature of this rich source of information largely untouched [3] . Earth observation images are data collected from space that contain information on important topics in our everyday lives, and are also invaluable for various scientific questions regarding the complex system which is the planet on which we live. The interdisciplinary nature of earth observation technology and applications addresses a whole range of STEM topics, ranging from analyzing vegetation or natural hazards in biology or geography classes to experiencing the electromagnetic spectrum at work in physics lessons.
However, the potential of earth observation in secondary education goes well beyond offering a broad range of topics. Educating pupils to make decisions based on information derived from diverse media is stated as a requirement in school curricula for geography [4, 5] . The decision making process, especially in the natural sciences, is more complex than in everyday lives. Assessing situations like natural disasters requires nonlinear analyses. It requires precise analyses, critical reflection, and the incorporation of expertise and facts [6] . In that regard, satellite images are a perfect training ground for these abilities, since they are not explicit in every way. Interpreting them and deriving data from them for decision making relies on decoding information that is not obviously visible. Moreover, the application of satellite images can be seen in the light of problem-based learning, fostering spatial orientation skills, method competences, and evaluations, as well as practice skills [7] .
While these are good reasons why information gathered from earth observing satellites should be incorporated in school curricula, that information is not easily unlocked, since the initially fascinating images will not reveal everything by simple visual analysis alone. They have to be disassembled into more abstract greyscale bands and numbers to make the information they contain accessible.
So how can the initial fascination be maintained while lowering that level of complexity? And how can working with earth observation images be applied in everyday school lessons? In the course of the last 13 years, we have been conducting the Remote Sensing in Schools (FIS) project that addresses this problem from various angles (see Appendix A). The activities of the FIS project range from offering easy-to-follow learning materials to linking earth observation topics to the curricula of secondary schools in Germany and educating teachers about the basics of remote sensing. Those activities are specially designed integrated learning environments (ILEs) that couple means for image analysis with background knowledge about earth observation in a technical framework that offers easy access within the context of everyday school lessons. This article is centered around these integrated learning environments and their core concepts and realization.
As there is still no commonly-accepted definition of "Integrated Learning Environment", the term is often used interchangeably with "Innovative Learning Environment" or Interactive Learning Environment", all abbreviated as ILE. It is often used to describe learning on different levels that can happen both via digital resources, as well as in classic classroom situations [8] . When employed in an e-learning context, it characterizes web-based environments that provide digital learning content as well as management tools [9] . There is often no clear distinction between the use of the term and "Learning Management Systems" (LMS), that see widespread use in online education and follow a much more generalized approach. To clear up any confusion and to clarify the way in which the term is used here, it is important to underline that the use of "integration" generally describes a range of tools, functionalities, or methods that are combined or integrated into one entity to serve a common purpose. So, in both technical and didactic domains, it characterizes the meaningful combination of tools, whether technological or didactic, which serve to achieve a certain goal.
The aim of learning environments is to use remote sensing in classes in a way that allows pupils to solve problems through the use of image analyses. Hence, we define the integrated learning environment described herein as:
"A learning module that integrates tools, data as well as background knowledge for earth observation into a system that provides a simple learning infrastructure and is easily accessible for teachers and students alike." Remote Sens. 2020, 12, 345
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The basic hypothesis is that if such learning environments are to be successfully used in classes, they need to follow an approach where not the topic of remote sensing itself, but the situation in classrooms, specifies the demands that are to be met by the learning environment.
Considering this, Section 2 of this article will describe these learning modules by first analyzing the obstacles that they are up against. From there, the obstacles will serve as a guideline for the creation of the means to overcome them. After the main demands have been established, the way in which they are addressed will be addressed. This is done in three steps. First, the technical domain will be described, showing how the remote sensing tools have been integrated. Next, the aspects of e-learning that play a crucial role in the learning environments are examined. Finally, the didactic domain will be considered, giving an overview of how the learning process is stimulated and guided.
Sections 3 and 4 give an insight into whether this demand-driven approach for the creation of the ILEs has been successful in schools. Here, an online questionnaire was used to assess the quality of the learning experience with the learning environments and give insights into whether the adopted approach is applicable, and how often the materials are used. The survey is also used to derive information on how selected ILEs perform from the pupil's perspective, and what the reasons for differences in performance may be.
Demand-Driven Development of Digital Integrated Learning Environments
The ILEs are supposed to be effective tools for the integration of remote sensing in German schools, so it is important to take a look at the situation in schools and assess the conditions in which the learning environments are used, and what obstacles have to be overcome. These obstacles define the demands made upon learning environments in terms of the technology used, the incorporated e-learning methods, and the applied didactic methods.
Obstacles and Demands
Several factors militate against the widespread use of digital satellite images in schools. To introduce pupils to the world of earth observation, a good knowledge base is required on the teacher´s side. Unfortunately, satellite images play a minor role in the education of secondary school teachers in German universities. An analysis of corresponding curricula concludes: "We are still far away from mandatory study offers for teachers" [1] .
Other issues are the use of computers in general, and the corresponding use of suitable software. According to a study in German schools, only 20.6% of the pupils are using a computer once or twice every month [10] . Since computer usage is a prerequisite for work with digital earth observation data, it has to take place within a limited timeframe, which it shares with other digital topics in secondary school education.
Seeing that the time that could possibly be devoted to digital image analysis is already limited, the question of the right tools to do it is of paramount importance. In general, teachers are not averse to the use of technology in classes, but are often not qualified to use it or are lacking support [10] . In combination with the fact that most teachers have no prior experience with digital image data, using professional software is not likely to yield good results. And how much time could teachers possibly invest in acquiring new skills like the use of a new piece of software? According to a study by Mußmann et al. [11] , teachers in Germany spend around 25% of their work time preparing for classes. Assuming an average of 25 school lessons per week, this leaves them with a preparation time of less than 30 min per lesson, which cannot be considered enough to properly set up the materials required for computer-aided teaching with remote sensing data. That being said, freely-available tools like LeoWorks (leoworks.terrasigna.com), SNAP (step.esa.int), or QGIS (www.qgis.org) at least offer an opportunity to use genuine earth observation data without adding cost to the already extensive list of obstacles. From experience, it is safe to say that if there is enough time for preparation and implementation, they can be used in scenarios like project days or teacher training. But for everyday Remote Sens. 2020, 12, 345 4 of 19 use in schools, they are still too diverse in their possible fields of application. As such, using them effectively with no prior experience is not possible.
Another obstacle lies in the lesson topic, i.e., the image data itself. For years, the acquisition of specific earth observation data was costly and time consuming, and was carried out largely by professionals; however, with the advent of freely-available data sources such as the Landsat archive, things have started to change. Nowadays, the open data policy introduced by the Copernicus program (www.copernicus.eu) offers data from all operational sentinel satellites for free. It has also simplified the process of finding and downloading the data. Teachers are now very capable of doing just that, and preparing, for example, a true color image all by themselves. Nonetheless, using that data in a lesson is still problematic, as it is still too complex and contains a lot of bands of different resolutions that are most likely of no use in classes, and would unnecessarily ramp up the learning curve.
These problems can be condensed into four main demands that need to be considered when it comes to the use of digital satellite images in schools, and that also define the prerequisites for a system that would make possible the use of satellite data in schools:
This describes the ability of teachers to include digital learning in their classes, as well as the potential time they have to devote to this. Here, the main obstacles to be addressed are the availability, as well as the accessibility, of digital learning content. This is a metaproblem that, if not properly addressed, will impede all other efforts. It is noteworthy that limited internet access is also still an issue in schools, and something that has to be taken into account here. So, ILEs have to add as little preparation time as possible to the teacher's schedule, and have to be executable with or without fast internet access.
Scalable Tools
There is no way around the use of tools for image analysis if the intention to bring remote sensing into schools is to be taken seriously. But neither the preparation time nor the actual teaching time in classes opens a sufficient time window with which to introduce the available tools to teachers and pupils. The main reason is their vast range of functionalities that cannot be scaled down to a specific use case. Therefore, the functionalities need to adapt to the task.
Prepared Data
Today, satellite data is available abundantly and for free. But for the use in a regular lesson, the data need to be prepared to fit the topic. They have to be ready to use and stripped of unnecessary information that would slow down the processing time as well as hinder the general learning process. The available information should be essential for the use case of the lesson.
Integrated Background Knowledge
Pupils as well as teachers lack the background knowledge that is necessary to understand and work with the data. Therefore, that knowledge has to be provided.
Each of these prerequisites represents an obstacle that cannot be removed, but it is necessary to mitigate it as much as possible, which is what the "Integrated Learning Environments for Remote Sensing" seeks to achieve. Figure 1 is an annotated screenshot of one of the final ILEs that shows how these prerequisites and demands manifest themselves visually in learning environments. As shown, the integration of the four prerequisites is plainly visible. The way in which the problem of infrastructure is addressed cannot be clearly visualized in a single screenshot, as it is the way of combining these three aspects in technical, didactic, and e-learning terms that makes up the backbone of the learning environments. 
Technical Aspects
Without a sound technical foundation, none of the aforementioned obstacles can be overcome. So, finding solutions to address them is a key priority, as they penetrate all other aspects of the ILEs.
The main technical demands are related to the four prerequisites, and are shown in Table 1 . Table 1 . Defined demands and how they are addressed on a technical level.
Demand Technical Contribution
Unencumbering Infrastructure
The modules have no need for installation; they are accessible either online or are downloadable, and can be directly executed.
Scalable Tools
The tools resemble their counterparts found in professional software, but are redesigned for ease of use. They can be tied to a certain task, meaning they are only made available when needed.
Prepared Data
The data is predefined for the task at hand. No data has to be prepared on the teacher's side. Color corrections are done automatically. Using a simple drag and drop-based user interface, the data can either be displayed or added to a tool for analysis. 
Technical Aspects
The main technical demands are related to the four prerequisites, and are shown in Table 1 .
The whole framework of the environments is designed in the Adobe Flash runtime environment by Adobe (www.adobe.com) and its proprietary programming language, ActionScript 3.0. From today's perspective, this raises justified concerns, since the browser-side support for the Flash plugin is to be discontinued in all major browser in the near future. It is important to understand that the initial planning and realization of these digital learning modules in the FIS project began in 2008. At that time, the Flash technology was the only feasible way of realizing the demands shown Table 1 . Besides, the near future will see the concept transferred to more future-proof web technology.
It is also the reason for certain challenges and limitations. No libraries for the functionalities needed are available in ActionScript 3.0, which made it necessary to create them. Table 2 gives an overview on the implemented functionalities. The calculations have to be performed locally by the browser and the flash plugin which, for more complex, pixel-based calculations like classifications over multiple bands, is an issue, because of the limitations of the programming language with regard to processing speed. As a consequence, the image size was limited to 500 × 500 pixels. The tools Remote Sens. 2020, 12, 345 6 of 19 Table 1 . Defined demands and how they are addressed on a technical level.
Demand Technical Contribution
Unencumbering Infrastructure The modules have no need for installation; they are accessible either online or are downloadable, and can be directly executed.
Scalable Tools
Prepared Data
The data is predefined for the task at hand. No data has to be prepared on the teacher's side.
Color corrections are done automatically. Using a simple drag and drop-based user interface, the data can either be displayed or added to a tool for analysis.
Integrated Background Knowledge
The background knowledge needed to understand the task can be easily accessed in the learning environment, and is heavily driven by animations and interactions. Since the learning environments are supposed to offer real remote sensing functionalities that also have to be easy to use by people with no prior knowledge of remote sensing, they had to be redesigned to make them user-friendly. As a result, a drag and drop-based graphical user interface was created. Furthermore, the availability of the tools is limited by the task at hand, so the NDVI calculation, for example, is only made available when needed, as illustrated in Figure 2 . The figure also shows how different the setups of the available tools can be. While Screenshot (A) shows a very minimalistic setup only allowing data to be displayed, the complexity increases up to screenshot (D), where an NDVI-based timeline analysis can be performed. The configuration of the available data, as well as the tools that are to be used on that data, is also done in an external *.xml-file.
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Since the learning environments are supposed to offer real remote sensing functionalities that also have to be easy to use by people with no prior knowledge of remote sensing, they had to be redesigned to make them user-friendly. As a result, a drag and drop-based graphical user interface was created. Furthermore, the availability of the tools is limited by the task at hand, so the NDVI calculation, for example, is only made available when needed, as illustrated in Figure 2 . The figure also shows how different the setups of the available tools can be. While Screenshot (A) shows a very minimalistic setup only allowing data to be displayed, the complexity increases up to screenshot (D), where an NDVI-based timeline analysis can be performed. The configuration of the available data, as well as the tools that are to be used on that data, is also done in an external *.xml-file. These efforts resulted in the creation of a scalable tool. Data, as well as tool sets, are predefined not only for one learning module. They are reconfigured step by step as the learner advances through the chapters of each leaning environment. The data also always has to be ready to use. Unless data preparation techniques like histogram stretching are the topic, they are done beforehand or automatically in the background. Screenshot C of Figure 2 shows an example where manipulating the image is essential to the topic.
In order to meet the overarching demands of an uncumbersome infrastructure, and the connected availability as well as accessibility of the resources, it is also important that the learning not be restricted to online usage of the modules. Broadband high speed internet connections are still not common in a lot of schools. In a study amongst principals in German schools, only 36 % stated that a fast internet connection was available in all rooms or laboratories [12] . As a consequence, the Learning Environments can also be downloaded and run offline on Windows computers. These efforts resulted in the creation of a scalable tool. Data, as well as tool sets, are predefined not only for one learning module. They are reconfigured step by step as the learner advances through the chapters of each leaning environment. The data also always has to be ready to use. Unless data preparation techniques like histogram stretching are the topic, they are done beforehand or automatically in the background. Screenshot C of Figure 2 shows an example where manipulating the image is essential to the topic.
E-Learning Aspects
In order to meet the overarching demands of an uncumbersome infrastructure, and the connected availability as well as accessibility of the resources, it is also important that the learning not be restricted to online usage of the modules. Broadband high speed internet connections are still not common in a lot of schools. In a study amongst principals in German schools, only 36 % stated that a fast internet connection was available in all rooms or laboratories [12] . As a consequence, the Learning Environments can also be downloaded and run offline on Windows computers.
Any means of learning that is electronic or digital can be summarized as e-learning. This leads to a large variety of techniques, applications, and strategies that may or may not prove to be fitting to the task. The possibilities that are connected to the field of e-learning are manifold, and they are widely used in today's society [13] . But with an abundance of possibilities also comes a variety of pitfalls that lead to reduced efficiency of the material [13] . The foundations of the successful creation and implementation of e-learning material are laid out by longstanding research mainly carried out by cognitive and educational psychologists, as well as private entrepreneurs [13] [14] [15] . Of the many recommendations given in these works, three were found to be applicable and of special importance for the impartation of background knowledge, as well as the overall concept of the modules. They represent the design paradigms against which all decisions of content creation are weighted.
Multiple representations
To convey the background knowledge, the pupils need to engage in the work with digital image data, in which the full spectrum of interactivity has been used. Mayer and Clark [13] formulated the Multiple representation principle, stating that two different modes of representation work better than one. By a sensible combination of multiple types of knowledge encoding, this demand is met in the e-learning units (see Figure 3 ). When background knowledge is presented in the modules, simple text describing the topics is almost always accompanied by illustrations or interactions. 
Didactcal Aspects
The underling didactic principle applied in the learning environments is one of moderate or mild constructivism. Constructivism in didactics generally proposes a teaching style that is based on constructivist epistemology, where the reality that surrounds the human mind is only perceived and understood by experiencing and reconstructing it internally based on the neuronal capabilities and limitations of the human brain itself. The reality and knowledge about the world that we perceive is thus an "experienced reality", rather than a true reality [18] . This was translated into didactics by not defining knowledge building as a linear process, but rather, as an absorption of information from which internal models are constructed that can be applied to problem solving where they either fail 
Coherence
Keeping the representations of knowledge as short as possible, as well as avoiding redundant information, has been found to be important to the success of multimedia-aided learning [16] . As a result, short and coherent explanations in order to reduce cognitive load are used throughout the modules, and the amount of information was reduced depending on the task. Also, trying to split the knowledge into smaller chunks of information is a strategy applied in order increase coherence.
Guided Discovery
Learning is based on an inquiry process whereby learners construct knowledge out of experience and from examples rather than predefined representations. This type of learning can be difficult for pupils who possess no prior knowledge in the topic, and who are also in constant danger of being distracted or led astray by the possibilities of the more open design of the learning environments. Therefore, it is important to implement guidance in the form a scaffold [17] that provides smaller pieces of information and functionalities. In practice this means that the amount of information and number of functionalities increases as the pupils advance through the learning modules. But it may also mean that some functionalities or tools that were available previously are disabled again if they are no longer needed. Also, small tutorials and help buttons accompany and facilitate the learning process.
Didactcal Aspects
The underling didactic principle applied in the learning environments is one of moderate or mild constructivism. Constructivism in didactics generally proposes a teaching style that is based on constructivist epistemology, where the reality that surrounds the human mind is only perceived and understood by experiencing and reconstructing it internally based on the neuronal capabilities and limitations of the human brain itself. The reality and knowledge about the world that we perceive is thus an "experienced reality", rather than a true reality [18] . This was translated into didactics by not defining knowledge building as a linear process, but rather, as an absorption of information from which internal models are constructed that can be applied to problem solving where they either fail or succeed, and thereby become constructed knowledge.
This process, however, strongly relies on self-reflection and experimentation, and thus requires a high degree of self-organized acquiring of information, as well as time to test the self-constructed knowledge in real-world scenarios. Also, the learner and his/her previous knowledge and experience play a major role in knowledge construction [19, 20] . While constructivist theory and its role in knowledge construction is widely accepted, its actual application is the subject of ongoing discussion, and after centuries of research, it still leaves experts in doubt of its efficiency [21, 22] . The open and undirected nature of constructivist learning setups can lead to frustration amongst students. Also, when taking into account the basic assumptions of the well-established cognitive load theory [23] , the unstructured amount of information to be processed in the course of unguided knowledge construction can lead to a high load on the working memory, thus impeding the learning process [24] . By adding various degrees of instruction, as proposed by moderate constructivism, these problems can be counteracted [25, 26] .
In this regard, the scaffolding for guided discovery, which has already been mentioned in the preceding e-learning and technical part, also serves as a structure that provides the instruction and guidance needed to limit the degree of information and possibilities within the learning modules. Preparing the data used in the learning environment, and also reducing it to the absolute minimum amount of information, is a measure taken to comply with cognitive load theory as well. We assume that any information or data preparation that is not connected to the activity will unnecessarily add to the intrinsic cognitive load of the learning content. This is to be seen in the light of the easy application of the ILEs. Other educational situations in schools, like project days, may demand a higher degree of freedom for gathering information from the data and making decisions.
Applying Integrated Learning Environments in Classrooms
The sound foundation of technology, e-learning, and didactics have proven to be a reliable but fallible guideline for the creation of interactive classroom resources. All means applied in the production are, in the end, just attempts to reduce the obstacles that were described initially. To date, earth observation is not part of most curricula in German schools, so bringing it into classrooms remains an uphill battle. Regarding this, it is even more important to get an overview of whether the material is used at all, and what problems arise in its application.
To assess the quality and the success of the learning environments, a digital evaluation sheet was implemented in the platform that is to be filled out after the application has finished. Starting in 2012, 660 pupils and 55 teachers took part in the survey. Since the survey was voluntary, it suffered from low feedback, which was especially noticeable in terms of the low number of participants on the teacher side.
The main purpose of the items in the survey was to get feedback on the quality and usability of the integrated learning modules, and thereby, to improve them. While not being enough for an exhaustive analysis on all the aspects of such complex environments, it gives some insights into the usability and the effect of the animations in the context of conveying background knowledge in the modules themselves. A main concern is the general usability of the tools and the learning environments, since overly-complex handling would result in a high extraneous cognitive load that would impede the general learning process. According to Figure 4 , most of the pupils found working with the computer easy when using the modules. Also, Figure 5 shows that the digital leaning units were generally not perceived as being too difficult.
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The main purpose of the items in the survey was to get feedback on the quality and usability of the integrated learning modules, and thereby, to improve them. While not being enough for an exhaustive analysis on all the aspects of such complex environments, it gives some insights into the usability and the effect of the animations in the context of conveying background knowledge in the modules themselves. A main concern is the general usability of the tools and the learning environments, since overly-complex handling would result in a high extraneous cognitive load that would impede the general learning process. According to Figure 4 , most of the pupils found working with the computer easy when using the modules. Also, Figure 5 shows that the digital leaning units were generally not perceived as being too difficult. However, pupils' opinions on how difficult the lessons were differed depending on the learning module. This can be observed in Figure 6 . While the pupil's evaluations of the difficulty level for the lesson "Computer Science: Contrast" were pretty much in line with the general perception of the difficulty throughout the learning modules, it varied substantially in the lesson "Geography: Traces of Fire". One possible reason for this is the slightly different application of animation interactions. However, pupils' opinions on how difficult the lessons were differed depending on the learning module. This can be observed in Figure 6 . While the pupil's evaluations of the difficulty level for the lesson "Computer Science: Contrast" were pretty much in line with the general perception of the difficulty throughout the learning modules, it varied substantially in the lesson "Geography: Traces of Fire". One possible reason for this is the slightly different application of animation interactions. Background knowledge that is crucial to work with the data is implemented in the learning modules in the form of info boxes. These info boxes utilize illustrations, animations, and interactions alongside text wherever possible. Figure 7 illustrates that more than half of the students found the illustrations and animations helpful. But, for a third of them, they do not seem to help in completing However, pupils' opinions on how difficult the lessons were differed depending on the learning module. This can be observed in Figure 6 . While the pupil's evaluations of the difficulty level for the lesson "Computer Science: Contrast" were pretty much in line with the general perception of the difficulty throughout the learning modules, it varied substantially in the lesson "Geography: Traces of Fire". One possible reason for this is the slightly different application of animation interactions. Background knowledge that is crucial to work with the data is implemented in the learning modules in the form of info boxes. These info boxes utilize illustrations, animations, and interactions alongside text wherever possible. Figure 7 illustrates that more than half of the students found the illustrations and animations helpful. But, for a third of them, they do not seem to help in completing Background knowledge that is crucial to work with the data is implemented in the learning modules in the form of info boxes. These info boxes utilize illustrations, animations, and interactions alongside text wherever possible. Figure 7 illustrates that more than half of the students found the illustrations and animations helpful. But, for a third of them, they do not seem to help in completing the task. To get some insight into why the pupils did not find some of the animations and illustrations helpful, three modules that were used and evaluated more often were singled out.
Remote Sens. 2020, 12, 345 12 of 19 the task. To get some insight into why the pupils did not find some of the animations and illustrations helpful, three modules that were used and evaluated more often were singled out. Figure 8 shows that the pupils' evaluations differed depending on the learning module that was used. While the majority always found the animations and illustrations useful, this was a lot more apparent in the lesson "Computer Science: Contrast", for example. Here a 1/0.2 ratio can be found for every pupil that agreed or agreed strongly, as opposed to pupils who disagreed or disagreed strongly. Looking for the characteristics that set these animations and interactions apart from those in "Geography: Traces of Fire", where the ratio was just 1/0.7, the most striking is the length and amount of information that they tried to convey, i.e., substantially more in the latter, where the interactive animations themselves stretched over several chapters. This is an intentional attempt at breaking down the information into small bits and thereby complying with the design paradigm of coherence (see Section 2.3). But because the absolute amount of information was not reduced in the same manner, this may have reduced the efficiency of the interactions. Figure 9 shows screenshots from the biology lesson, where the added value of animations and interactions was evaluated more critically. The background information given in the first chapter of the module is in itself a short introduction to basic principles of remote sensing. It is plainly visible that the multiple representation principle was applied consistently, as every explanation in text form (A) was accompanied by illustrations, animations, or interactions (B). Notice the chapter indicator (C) showing that this background information in the module consists of seven chapters, which comprise additional subsequences of only the first of four chapters of the whole ILE. So, there is a lot of information to be absorbed by the pupils who are already exposed to a topic they most likely never heard of before. This information should have been more clearly reduced in both the didactic and quantitative sense to avoid unnecessary extraneous cognitive load. The interactive introduction to earth observation was later decoupled from the learning environment and used as a single resource to introduce teachers or students to remote sensing, where it was well received. Figure 8 shows that the pupils' evaluations differed depending on the learning module that was used. While the majority always found the animations and illustrations useful, this was a lot more apparent in the lesson "Computer Science: Contrast", for example. Here a 1/0.2 ratio can be found for every pupil that agreed or agreed strongly, as opposed to pupils who disagreed or disagreed strongly. Looking for the characteristics that set these animations and interactions apart from those in "Geography: Traces of Fire", where the ratio was just 1/0.7, the most striking is the length and amount of information that they tried to convey, i.e., substantially more in the latter, where the interactive animations themselves stretched over several chapters. This is an intentional attempt at breaking down the information into small bits and thereby complying with the design paradigm of coherence (see Section 2.3). But because the absolute amount of information was not reduced in the same manner, this may have reduced the efficiency of the interactions. Figure 9 shows screenshots from the biology lesson, where the added value of animations and interactions was evaluated more critically. The background information given in the first chapter of the module is in itself a short introduction to basic principles of remote sensing. It is plainly visible that the multiple representation principle was applied consistently, as every explanation in text form (A) was accompanied by illustrations, animations, or interactions (B). Notice the chapter indicator (C) showing that this background information in the module consists of seven chapters, which comprise additional subsequences of only the first of four chapters of the whole ILE. So, there is a lot of information to be absorbed by the pupils who are already exposed to a topic they most likely never heard of before. This information should have been more clearly reduced in both the didactic and quantitative sense to avoid unnecessary extraneous cognitive load. The interactive introduction to earth observation was later decoupled from the learning environment and used as a single resource to introduce teachers or students to remote sensing, where it was well received. Figure 10 shows a more refined use of the coherence principle in the learning module "Contrast". The information here is specifically tailored to each chapter in the learning module. There is no additional subsequencing, as seen in the example before.
Remote Sens. 2020, 12, 345 14 of 19 Figure 10 shows a more refined use of the coherence principle in the learning module "Contrast". The information here is specifically tailored to each chapter in the learning module. There is no additional subsequencing, as seen in the example before. The lesson learned from this is that the design paradigms can be applied effectively, but that blindly following those guidelines might not always lead to success. While splitting the content into small bits is a fitting means by which to reduce extraneous cognitive load, the reduction of the content to an amount fitting to the specific lesson serves the very same goal and seems to be more important.
Learning Modules in Past, Present and Future Application
In the course of the last 12 years, the described concept has seen plentiful applications, mainly in secondary school education. Learning environments have been implemented in an online learning platform (http://www.fis.rub.de), and some of the core principles have also been used to create additional material to inform pupils, teachers, as well as anyone interested in earth observation. To assess whether the overall idea of the modules has been successful, Figure 11 shows how often they were accessed or downloaded. The lesson learned from this is that the design paradigms can be applied effectively, but that blindly following those guidelines might not always lead to success. While splitting the content into small bits is a fitting means by which to reduce extraneous cognitive load, the reduction of the content to an amount fitting to the specific lesson serves the very same goal and seems to be more important.
In the course of the last 12 years, the described concept has seen plentiful applications, mainly in secondary school education. Learning environments have been implemented in an online learning platform (http://www.fis.rub.de), and some of the core principles have also been used to create additional material to inform pupils, teachers, as well as anyone interested in earth observation. To assess whether the overall idea of the modules has been successful, Figure 11 shows how often they were accessed or downloaded.
The learning platform has been online since 2012. An evaluation of the login data was conducted for the years 2013, 2014, 2015, as well as for the two-year time period from April 2017 to the end of March 2019. Technical issues, as well as the fact that the project was not funded throughout the whole eight years, prevented a more complete assessment of the data, and also explains the missing offline data for 2015. Figure 8 shows that in the four recorded years, the materials were downloaded or accessed online over 30,000 times. Considering the almost two missing years, in which the platform was online and accessed, this can be seen as an encouraging number that indicates that tens of thousands of pupils were brought into contact with earth observation. The figure also shows that access and download numbers were halved in those eight years. Part of the loss of users can be associated with fewer personnel that were involved in updating and advertising the learning portal on occasions like teacher trainings due to funding issues. But also, technical problems may have had a negative impact. A major issue is the dependency on Adobe Flash Player technology. While being the natural choice for complex web applications at the time in which the learning modules were conceptualized and created, today, most browsers discourage or even discontinue its use for security and other reasons, making it harder to use the online material, especially on Apple and Linux operating systems. In the period 2017-18, online access shrunk drastically, while the number of downloaded modules increased by almost two thirds. Since the downloaded modules can be used without the Flash Player on Windows systems, this can be seen as a clear indicator of the impact of the discontinued Flash support in browsers. Therefore, addressing that technical issue is the main task to ensure the continued use of the ILEs in the future. The learning platform has been online since 2012. An evaluation of the login data was conducted for the years 2013, 2014, 2015, as well as for the two-year time period from April 2017 to the end of March 2019. Technical issues, as well as the fact that the project was not funded throughout the whole eight years, prevented a more complete assessment of the data, and also explains the missing offline data for 2015. Figure 8 shows that in the four recorded years, the materials were downloaded or accessed online over 30,000 times. Considering the almost two missing years, in which the platform was online and accessed, this can be seen as an encouraging number that indicates that tens of thousands of pupils were brought into contact with earth observation. The figure also shows that access and download numbers were halved in those eight years. Part of the loss of users can be associated with fewer personnel that were involved in updating and advertising the learning portal on occasions like teacher trainings due to funding issues. But also, technical problems may have had a negative impact. A major issue is the dependency on Adobe Flash Player technology. While being the natural choice for complex web applications at the time in which the learning modules were conceptualized and created, today, most browsers discourage or even discontinue its use for security and other reasons, making it harder to use the online material, especially on Apple and Linux operating systems. In the period 2017-18, online access shrunk drastically, while the number of downloaded modules increased by almost two thirds. Since the downloaded modules can be used without the Flash Player on Windows systems, this can be seen as a clear indicator of the impact of the discontinued Flash support in browsers. Therefore, addressing that technical issue is the main task to ensure the continued use of the ILEs in the future.
The major advantage of Flash technology has been its ability to deliver media content, simple The major advantage of Flash technology has been its ability to deliver media content, simple interactions, as well as complex functionalities in the form of "rich internet applications" (RIAs) in a format that is compatible with all major operating systems by using a plugin. Today, all major web browsers make use of the HTML5 Canvas technology. Without the use of plugins, graphically-demanding, browser-based internet applications can now be created using mainly JavaScript. While those technologies were in their infancy when the applications were created, the next generation of the ILEs will make extensive use of them, as they are now well established. Transferring the ILEs with all their functionalities as well as their media content is, however, not so much a matter of converting, but rather, of completely recreating them. At the moment, there are several activities underway to solve this issue on different levels. Animations and interactions are recreated using the Adobe Animate IDE in combination with the CreateJS-JavaScript library (createjs.com). Taking into account recent developments in browser-based remote sensing applications like EO Browser (https://apps.sentinel-hub.com/eo-browser/), all tools are implemented in a web GIS, enabling a completely browser-based operation of the future learning modules. A purely web-based approach, however, mainly relies on server-side calculations and the display of the calculated data in the browser. While this is a feasible way for calculations of large volumes of data, it presents a predicament for the school environment, because it would omit the possibility of using ILEs offline, which is still an important prerequisite for the use of digital earth observation in schools due to bandwidth limitations. The approach taken by us right now is to aim for both online and offline use, depending on the content of the lesson and the complexity of the calculations. In this way, some of the lessons will still be compiled into desktop applications using the electron framework that allows desktop applications to be developed in JavaScript. But it will not be neglected that the direction the development of the technology in both e-learning and remote sensing is taking favors a web-based approach.
Conclusions and Outlook
Based on the demands of everyday school reality, digital integrated learning environments for earth observation have proven to be applicable in classrooms. A lot of experience was gathered in the production and application of these modules. This experience has been put to use in other activities and projects like "Columbus Eye" and "ESERO Germany" (see Appendix A). Those projects are also targeting pupils to make them more aware of earth observation, as well as of astronautics in general. The unique combination of different aspects of remote sensing, didactics, and e-learning results in applicable classroom material that presents the use of digital learning tools in a contemporary way in everyday classroom situations. In teacher training, where the learning modules play a crucial role, the participants reacted very positively to this new input for their classroom. While the greatest obstacle for the ongoing use of the modules is a purely technological one, there are clear indicators that there is still room for improvement in the application of the didactic and e-learning paradigms. While those overarching principles will remain, they have to be altered to emphasize even more the ease of use in everyday classroom situations. Given the complexity of the topic and the fact that pupils as well as teachers are stepping into uncharted territory, i.e., where there is little previous knowledge, paying extra attention to how coherently the information is presented seems to pay off and should be regarded as a top priority.
The process of properly applying technology in teaching in our view still remains one of the biggest challenges. Picking the right means from the vast pool of e-learning technologies to convey content and also prepare and reorganize the content in a way that best fits the chosen tools is a decisive process in the creation of e-learning content, in which the paradigms mentioned in Section 2.3 are very helpful to us. These challenges are, of course, not restricted to schools. In higher education, as well as lifelong learning, this plays an even more important role, since new earth observation data and applications are meeting an ever-growing audience that is eager to learn about the subject. Regarding remote sensing topics, schools are, in a way, a worst-case scenario, where a lot of limitations apply that are of less relevance under other educational circumstances, but they are also a good proving ground for teaching materials. This environment forces us to think about such special demands and adapt to them, which is, in itself, a vital strategy in planning and implementing e-learning strategies.
In this regard it is also important to point out that some of the obstacles that our concept has had to react to are founded in the fact that the importance of remote sensing for our society is neither mirrored in public awareness nor in school curricula. This is also a reason why it has little to no priority in the university education of future teachers. The impetus that large scale earth observation initiatives like Copernicus, as well as the vast number of private entrepreneurs, have created should be used more efficiently to educate the general public about the capabilities and potential of this technology. This may serve as the leverage needed to integrate remote sensing in school curricula in a sustainable manner.
With the opportunity to address the current challenges within the next months, the materials will see extensive revision in both technological and content-related aspects to guarantee the existence and improvement of a platform, such that it will continue to be a sound foundation upon which pupils, teachers, and everybody else may start the journey towards gaining a whole new perspective of our planet.
